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Analysis of hydrocarbons in bitumens
from raised bog profiles

Laura Klavina, Faculty of Biology, University of Latvia, Peteris Mekss, Faculty of Chemistry, University of Latvia,
Inese Silamikele, Faculty of Geography and Earth Sciences, University of Latvia

Abstract: The purpose of this paper is to study the composition
of the hydrocarbons found in peat bitumen. As an object of the
study two peat profiles from ombrotrophic bogs were used.
Efficiency of different solvents was studied and considering the
yield of obtained bitumen as most effective can be considered
chlorinated hydrocarbons. The concentration of peat bitumen
clearly reflects the decomposition degree of the original living
material and presence of remains of terrestrial biota. The
amounts of bitumen in the studied samples range from 1.8 till 8.1
%.

The clean-up procedure of the obtained samples, which was
carried out by using solid phase extraction cartridges, ensured
removal of more hydrophilic ingredients from the peat bitumens
and isolation of hydrocarbon ingredients. The studied bitumen
contains linear and cyclic hydrocarbons in the range from Cy, till
027.
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|. INTRODUCTION

Peat consists of remains of wetland (bog) plants,
transformation products of living organic matter — humic
substances) and many groups of organic substances
originating both from living organisms, both during their
decay process in very specific conditions of bog environment.
Of importance amongst other groups of peat ingredients are
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highly hydrophobic substances called as peat waxes and
bitumen. Bitumen is peat component which dissolves in hot
organic solvents and contain peat waxes — a mixture of esters,
acids, alcohols and peat hydrocarbons [1]. For extraction of
peat bitumen many solvents have been suggested, including
hydrocarbons, chlorinated hydrocarbons, technical solvents
(petroleum ether, gasoline and others), ethers (diethyl ether,
1,4-dioxan), esters (ethyl acetate and other), various alcohols
as well as such solvents as carbon disulfide [2].

The bitumen content in different peats ranges from 1 % to
as much as 13% [2] and is very much influenced by the peat
type. Moreover, the composition of peat bitumen is very much
influenced by the processes of their genesis and significant
differences have been found between the peats from low-
moor, high-moor and transitional peats [3]. Peat bitumen has
been an object of many studies also considering industrial
application possibilities [2-5], however significant part of the
studies were done more than 20 — 30 years ago, before the
start of large-scale production of polymers replacing peat and
other bitumens [2]. Nowadays there are many replacements of
the former areas of use of peat bitumen and from the
perspective of large scale production their importance is
relatively minor.
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Fig.1. Peat stratigraphy and peat decomposition degree in Eipurs (A) and in Dzelves (B) bogs
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At the same time, there is both theoretical and applied
interest to study peat bitumen in modern times. The
composition and amount of peat bitumen might reveal the peat
genesis process and transformation of living organic matter
during humification reactions. Peat bitumen composition may
reveal the processes common during formation of fossil
carbon containing deposits [6]. Another important and
prospective object of peat bitumen study includes possibly
biologically active substances in the peat bitumen such as
sterols [7], influencing biological activity of peats and their
bitumen. The number of recent studies dedicated to analysis of
peat bitumen is relatively low [1, 8] but such methods as GC-
MS and HPLC-MS have not been much used to identify peat
bitumen composition [3].

The group of substances of particular interest amongst the
peat bitumen ingredients is hydrocarbons. Presence and
composition of hydrocarbons in peat bitumen has been
analysed only in few studies [3-6] and significant dependence
on the peat decomposition processes has been stated. It has
been suggested that the major source of hydrocarbons in peat
bitumen can be the decomposition reactions of waxes, present
in living plants, microbial metabolites of microorganisms,
decomposing bog vegetation and transformation reactions of
living organic material [7]. Thus, further studies of
hydrocarbons present in peat bitumen could be of definite
importance.

The aim of this study is to analyse peat bitumen content in
well characterized ombrotrophic bog peat profile and examine
the hydrocarbon composition of peat bitumen

Il. MATERIALS AND METHODS

Peat profiles were obtained from [9, 10] ombrotrophic bogs
Eipurs and Dzelve. Both bogs are located in lowlands, they are
of similar origin (they developed due to ground
paludification), but they have differing very much different
lithology (Figure 1). Both bogs are typical raised bogs and
neither presently, nor historically have been affected by direct
pollution sources.

Coring, sounding and sampling have been accomplished in
the central areas of both mires, where the most complete
geological section is present and which was least affected by
the processes at adjacent areas. The 0.5 m long peat
monolithic samples were placed in special plastic cartridges
and wrapped in polyethylene film to preserve natural moisture
and other parameters.

Samples were brought to the lab and sliced into 0.10 m
sections using a stainless steel knife. The outside edges of
each 0.05 m sample were discarded, because of probable
contamination during sampling.

Samples were dried at room temperature and by using
lyophilization to avoid loss of hydrocarbons.

Peat decomposition analysis. Peat decomposition degree
was estimated according to Standard GOST 10650-72. The
method includes wet sieve analysis to remove coagulated
humus from fiber, centrifugation of samples and determination
of decomposition degree.

Peat botanical composition. Peat botanical composition is
closely related to plant nutrition conditions, bog
characteristics, relief, underlying deposits and groundwater
mineralization degree, which substantially affect peat
decomposition degree, moisture and properties [11].

The analysis of botanical composition was performed using
Carl-Zeiss binocular microscope, while the decomposition
degree [12] was determined by using known methods. Peat
type and H-value were examined in the field and later adjusted
in the laboratory.

Analysis of peat properties. The **C dating was done at the
Institute of Geology of Tallinn Technical University (Estonia).
Carbon, hydrogen, nitrogen and sulphur concentrations in peat
samples (elemental analysis of C, H, N, S) was carried out
using an Elemental Analyzer Model EA-1108 (Carlo Erba
Instruments) by combustion-gas chromatography technique.
The instrument was calibrated using cystine (Sigma — Aldrich
Inc.) and all peat samples were analyzed in duplicate. Ash
content was measured after heating 50 mg of each peat sample
at 750 °C for 8 h. Elemental composition was corrected
considering the ash content, and the oxygen amount was
calculated as a difference.

Humification degree. 1.00 g of peat sample was treated for
1.5 hrs with 25 ml of 8 % NaOH in 25 ml plastic tubes in a
boiling water bath (95 °C) and filtered. 12.5 ml of the filtrate
were diluted to 100 ml and absorption was measured at 540
nm. The peat humification degree was expressed as absorption
at 540 nm.

Extraction of bitumen. 10 g of dried and milled peat were
extracted for 6 hrs with dichloromethane in Soxlet extractor.
The extract was evaporated under reduced pressure and finally
dried in vacuum.

Clean-up of bitumen for hydrocarbon analysis. 100 mg of
crude peat bitumen were dissolved into 10 ml of
dichloromethane and applied to C,g cartridge, equilibrated
with 5 ml dichloromethane. The cartridge was eluted with 20
ml of hexane and the eluted samples were evaporated in a
rotavapor to about 1 ml at 40 °C .

Gas chromatography — mass spectrometry. GC-2010
(Shimadzu) quadrupole analyser QP-2010 with an autoinjector
AOC-20i (Shimadzu) with a column Rtx-1ms (30m x 0.25
mm x 0.25 pum was used. The following instrumental
parameters were applied: injection volume: 1 pl, temperature
program from 60 ‘C (1 min) till 300 °C with 10 °C/min.
Injector: flow split 1:2, t=300 °C, carrier gas: He (5.0), flow
1.01 ml/min. Mass spectrometer operated at 70 eV, with a
mass range of m/z 40 - 350 , SCAN regime.

Data treatment. Statistical analyses were performed using
SPSS 16 Software. The fitting of the obtained data to the
normal distribution was checked with the Kolmogorov-
Smirnov tests. In further analysis non-parametric methods
were used. Relationships between different characteristics
were assessed by Spearman rank correlation coefficients. In all
cases the significance level was p=0.05.
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I11. RESULTS AND DISCUSSION

The aim of this study is to analyze the relations between the
variability of peat properties, its humification degree and
content and composition of peat bitumen hydrocarbons on the
example of analysis of peat profiles in ombrotrophic bogs in
Latvia. For this in-depth study of peat humification process
pattern in the peat columns two ombrotrophic bogs in central
part of Latvia were selected.

The results of the paleobotanical investigations (botanical
composition, pollen analysis) indicate both differences and
similarities of the studied bog development and peat
properties. Dzelve Bog has been formed by paludification of
sandy ground as a result of groundwater level increase and wet
conditions in the small depression. Raised bog cotton grass
peat layer covers sandy bottom, which overlays by pine-cotton
grass peat. The upper part of peat section is represented by 3.2
m thick Sphagnum fuscum peat layer with decomposition level
9to 17 % (Fig. 1). The development of the upper part of the
bog can be explained by accumulation possibly during the
Second climatic optimum. Although these bogs are located
comparatively close, their local conditions for peat formation
have been different.

Completely different is botanical composition of Eipurs Bog,
though its origin is similar to that of Dzelve (Fig. 1). The

lowest part ofEipurs is formed by fen wood-grass peat,
Hypnum and sedge-Hypnum peat which is covered by
transition type wood peat.bog peat of different types and
decomposition degree. For example, well decomposed (40-
48%) pine-cotton grass peat occurs at the depth interval of
1.18-1.39 m.

Studies of living organic material transformation
(humification) is of wutmost importance for better
understanding of carbon biogeochemical cycling. From this
perspective, the urgent character of the studies of peat
properties within their profiles and identification of the links
or correlations between peat age, decomposition degree, peat
properties, peat botanical composition (describing and much
depending on the bog development conditions, climatic and
hydrological factors as well as changes of land use within the
bog catchment) cannot be underestimated. On the other hand,
changes of peat properties are important since they describe
humification process at a molecular level and support
development of new understanding of chemical and
biochemical processes behind the humification.
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Fig.2. Elemental composition of Bog Eipurs peat
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Fig.3. Elemental composition of Bog Dzelves peat

Following this approach in this study we selected two
ombrotrophic bogs of similar age, located spatially close to
each other (Fig. 1), yet with a highly differing peat column
stratigraphy (Fig. 2, 3) and peat column botanical composition
as well as decomposition degree. If the major part of the bog
volume of Kropu Dzelves bog consists of relatively
homogeneous sphagnum peat with comparatively low
decomposition degree, then the composition of the Eipurs bog
peat is very much heterogeneous and reflect the high
variability of local bog development conditions.

Humification, Bitumen concentration, %
0.1 1.1 21 31 4.1 5.1 6.1 7.1 8.1
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Fig.4. Humification degree and bitumen concentration in Bog Dzelves peat

Basic peat properties can be analyzed by using peat
elemental (C, H, N, S) composition. The elemental
composition of the studied peat cores are summarized in Fig.
2, 3. The ash contents in the studied bogs range between 0.30

+ 0.05 % and 6.10 + 0.05 %, with the average content of 1.8
0.05. Concentration of C ranges from 40 to 55 % and of H
from5.410 6.7 %, N from 0.5 to 1.5 %, S from 0.2 t0 1.7 %, O
from 38 to 49 %.

Humification, Bitumen concentration, %

0.2 1.2 22 32 42 52

50

Dzelves Bog

100

150

Peat depth, em

200

Fig.5. Humification degree and bitumen concentration in Bog Dzelves peat

The elemental composition of peat in the Eipurs bog is
comparatively variable and reflects the changes in the peat
decomposition degree and peat type. C concentration in the
peat starts to increase at the depth 1 m up to the level of 53%
and then decreases again. H concentrations demonstrate
significantly higher variability, but changes of N concentra-
tions (increase in the upper and lower horizons of the bog, but
also demonstrating increased values coinciding with the
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Fig.6. GC-MS chromatogram of bitumens from Bog Eipurs peat (for details see Materials and Methods)

change in the peat composition and formation conditions)
could be associated with the changes in the peat botanical
composition and decomposition degree. S concentrations are
significantly lower just in a few upper centimeters of the peat
bog, but comparatively stable along the peat column. At the
same time, the elemental composition (Fig 3) of Dzelves bog
is very much different and largely reflects the peat column
composition: the C content in the upper layers is much lower
(~ 45 %) and comparatively uniform down to depth of 3.25
m, but then rapidly increases reaching 55 % for highly
decomposed peat.

Total bitumen amount in peat composition reflects the
degree of transformation of lipids and development at first of
hydrocarbon structures. The total amount of bitumens found in
the studied bogs ranges from 1 % till 8 % and is higher in peat
with a higher decomposition degree in Bog Eipurs (Fig. 4, 5).

The values of the bitumen concentrations are in the range
common for raised bogs with the medium — high peat
decomposition degree [1].

However, some notable distinctions between humification
indicators (humification degree) and bitumen content can be
found: if the pattern of changes of humification degree can be
related to peat decomposition degree and is highly variable
within the peat profile, then bitumen concentration is
relatively evenly increasing with bog depth.

Thus a notable difference between the peat humification
processes and genesis of hydrocarbons can be stated -
indicating evidently different mechanisms governing the
transformation processes of organic matter and genesis of
thermodynamically more stable (than such ingredients of peat
as carbohydrates etc.) structures.
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GC-MS of peat bitumens reveal presence of the wide range
of both aromatic and aliphatic hydrocarbons with odd and
even carbon number ranging from C;, to C,; Also polynuclear
aromatic hydrocarbons were found, however in much less
amounts than those of aliphatic hydrocarbons. GC-MS
analysis indicated the presence of pyrene (M* 202),
Benzo(a)anthracene (M* 228), benzo(b)fluoranthene and
perylene (M 252).

IV. CONCLUSIONS

The total amount of bitumens found in the studied bogs
ranges from 1.5 % till 8 % and thus is within the range
common for raised bogs. The amount of bitumens is higher in
peat with a higher decomposition degree. However notable
differences between humification indicators (humification
degree) and bitumen content can be found: if the pattern of
changes of humification degree can be related to peat
decomposition degree and is highly variable within the peat
profile, then bitumen concentration is relatively evenly
increasing with bog depth. GC-MS analysis proved presence
of a number of aliphatic and aromatic hydrocarbons present in
peat bitumen.
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Laura Klavina, Péteris Mekss, Inese Silamikele. Kuidras bitumenu sastava ietilpstoso ogliidenraZu analize augsto purvu profilos

Bitumeni ir nozimigs kidras ingredients. Bitumi kudras sastava veidojas, parveidojoties kiidru veidojoSo augu sastava ietilpstoSajiem hidrofobajiem
savienojumiem, ka ar kiidras sastava ietilpstoSo mikororganismu metabolitu parvértibu procesa. Bitumenu sastava ietilpst vaski, steroidu atvasinajumi un
ogladenrazi, kas ir uzskatami par minéto hidrofobo savienojumu parvértibu galaproduktiem. Ir pamats uzskatit, ka oglidenrazu veidosanas (kas neietilpst dzivo
ktidru veidojo$o augu sastava) ir uzskatama par nozimigu procesu, kas modelé fosila kurinama veidoSanos. P&tfjuma analizéts bitumenu sastavs kiidra un to
mainibas raksturs divos atSkiriga sastava augsta tipa purvos. Veikta purvu kiidras sadaliSanas pakapes, botaniska sastava analize, raksturota kiidras humifikacijas
pakape un noteikts elementsastavs un kiidras vecums, izmantojot **C daté$anu. Noteikto kiidras sastiava mainibas raditaju ievérojamas atskiribas uzrada biitisko
dazadibu kudras veidoSanas procesos, kas taja pat laika pamato izvéléto purvu izpétes izmantoSanu, lai raksturotu vides faktoru ietekmi uz kidras sastavu.
Pieradits, ka bitumenu sastava un kiidras humifikacijas pakapes mainibas raksturs bitiski atSkiras atkariba no kiidras sastava un to veidojoSo augu uzbuves, un
lidz ar to acimredzami ari procesu raksturs, kas kontrolé to mainibu. Bitumenu koncentracijas atrodas intervala, kas raksturigs augsta tipa purvu kadrai, bet
bitumenu sastava ietilpst ogliidenrazi ar oglekla atomu skaitu no Cy lidz Cyy, turklat to skaita ietilpst gan linearas uzbiives, gan aromatiskie ogludenrazi. P&tjjuma
turpinajuma paredzets veikt konstatéto ingredientu kvantificéSanu, ka art raksturot kiidras vasku un sveku sastavu.

Jlaypa KusiBuns, Iletepuc Makm, MHece Cunamukesie. AHAIN3 yIJIeBOAOPOOB B COCTaBe OUTYMEHOB Topda

HccnenoBan cocTaB OMTYMOB M MX M3MEHEHHs B MPOPMIAX Topda ABYX BEPXOBHIX OONOT. Pe3ymbTaThl MOKa3aiH, UTO MCCIEOBAHHBIE OMTYMBI COCTOAT U3
YIIIEBOJOPOHBIX COCAMHEHHH KaK HUKIMYECKOro, TaK U amu(paTHYECKOro CTPOCHHUS, ¢ KOJIMYECTBOM aToMoB yriepona oT Cip 1o Cyr. XapakTep m3aMeHeHHit
coctaBa OMTYMOB B 000MX CIIy4asiX CYIIECTBEHHO OTJINYACTCs OT XapaKTepa U3MEHEHHMs cTereHn rymudukaimi. O4eBHIHO 4TO HPUPOJIA POLECCOB, CBA3AHHBIX
C 9TUMH M3MEHEHHAMH, TaKkxke pa3anyHa. KoHcTaTHpoBaHHEIE KOHIIEHTPAIMHA OMTYMOB THUITMYHBI Tl BEPXOBOTO TOpdha.

BUTyMBI SBISIOTCS CYLIECTBEHHBIM MHIPEIHEHTOM TOpda. BUTyMBI COCTOAT M3 BOCKOB, NMPOM3BOAHBIX CTEPUHOB, YITIEBOJOPOOB M APYIHX KOMIIOHEHTOB,
KOTOpbIC HPH Majoil CTCHEHH Pas3iIokKeHHs OMM3KH MO COCTaBY K JIMINAAM pacTeHHH-TopdooOpasoBaTeneil. EcTh ocHOBaHME CuMTaTh, YTO OOpa3OBaHHE
YTIIEBOIOPO/IOB (KOTOPEIE HE BKIIFOYAIOT TOP(HOOOPAsyIINe KUBBIE PACTEHHs), MOKHO PacCMaTpPHUBaTh KaK MPOIECC MOJEIMPOBAHMSA 00pa30BaHMS TOPIOYETO
HCKoIaeMoro Matepraia. OnpeseneHa CTeneHb pa3IokKeH s Topda, aHanu3 OOTAHHYECKOr0 COCTaBa, 0XapaKTEPU30BaHA CTENICHb T'YMHHU(HKALINN U OHPEACIEH
3JIEMEHTHBII COCTaB M BO3PacT Topda, HCTONb3ys yriiepoaHoe Jatuposanue “C. Onpe/eneHHbie MOKa3aTen H3MEHYMBOCTH TOP(AHOTO COCTABA YKA3BIBAIOT HA
3HAYNTETBHYIO Pa3HOBHIHOCTH MPOIECCOB 0Opa3oBaHus Top(ha, M B TO e BpeMs BHIOpaHHEIC 0OJOTa IMOKA3BIBAIOT BIMSHHE (DAKTOPOB CpEIbl Ha MPOIECC
TOphooOpazoBaHMSL.

B nmpopomKkeHnH HCCIeI0BaHUS TIPEyCMaTPHUBACTCSI KOJIMYECTBEHHAs OLICHKA Y)KE ONpPE/IEICHHBIX MHIPEANCHTOB, U TAK)XXE OXapaKTEePH30BaH COCTAaB BOCKA U
cMoItsI Topda.
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